1. Introduction {#sec1}
===============

Chronic low-grade, systemic inflammation is a distinctive feature present in the development of metabolic and cardiovascular diseases (CVD) \[[@B1]--[@B4]\]. Considering the mounting health care cost \[[@B5]\] and prevalence \[[@B6]\] of chronic diseases, it is essential to better understand how to ameliorate inflammation.

Low-grade, systemic inflammation is characterized by a two to threefold increase in concentrations of cytokines in the bloodstream, such as tumor necrosis factor alpha (TNF-*α*), interleukin-6 (IL-6) \[[@B7]\], and high-sensitivity C-reactive protein (hsCRP)---a well-established biomarker of inflammation and CVD risk \[[@B8]\]. Additionally, other interleukins (e.g., IL-1*β*, IL-4, IL-8, and IL-10), and adhesion molecules (e.g., vascular cell adhesion molecule 1 (VCAM1) and intracellular adhesion molecule 1 (ICAM1)) also contribute to the determination of an individual\'s inflammatory status \[[@B9], [@B10]\].

The origins of low-grade, systemic inflammation are multifactorial and often stem from obesity-induced metabolic tissue dysfunction and/or the failure of immune cells to adequately ameliorate proinflammatory responses \[[@B11]\]. The production of inflammatory mediators is an essential mechanism by which leukocytes confer immune protection in response to infectious pathogens and tissue injury. Acute inflammatory responses begin with the activation of innate immune cells (e.g., macrophages, monocytes, and granulocytes), followed by highly specific and coordinated activation of adaptive immune cell populations (e.g., T and B lymphocytes) \[[@B12], [@B13]\]. Upon clearance of the initial immune insult, subsequent production of anti-inflammatory cytokines and eicosanoids is critical to ensure resolution of inflammation, prevent prolonged proinflammatory responses, promote tissue healing, and facilitate a return to homeostatic tissue function \[[@B14]\]. In obesity, excessive weight gain leads to adipose tissue remodeling, which includes increases in adipocyte hypertrophy, hypoxia, stress, and apoptosis/necrosis \[[@B15]\]. Activation and recruitment of proinflammatory leukocytes perpetuate the prolonged production of inflammatory mediators, whereas the subsequent release of adipose-derived proinflammatory cytokines and free fatty acids into the circulation can lead to widespread metabolic dysfunction \[[@B16]\]. Together, systemic disturbances in metabolism and tissue health promote chronic low-grade inflammation and increased risk for chronic disease \[[@B17]\].

Dietary intake modulates inflammation and represents an effective and promising therapeutic target to reduce metabolic dysfunction and chronic disease risk \[[@B17]--[@B19]\]. The effect of diet on inflammation has been extensively analyzed by studying isolated bioactive nutrients (fiber \[[@B20]\], fatty acids \[[@B21]\], and polyphenols \[[@B22], [@B23]\]) and functional whole foods (eggs \[[@B24]\] and blueberries \[[@B25]\]). However, recent studies highlight the value of characterizing the relationship between diet and inflammation through assessment of dietary patterns \[[@B11], [@B26], [@B27]\]. A dietary pattern can be described as a comprehensive dietary evaluation in which multiple foods and/or nutrients are examined collectively \[[@B28]\]. Studying dietary patterns can be complex and challenging, in part due to the diversity of patterns within different cultures and populations, in addition to the inherent heterogeneity of physiological responses to diet due to variability in genetics, microbiome profiles, metabolic status, etc. \[[@B29]\]. However, dietary patterns additionally have a great potential for translation to the general public, as evidenced by the inclusion of dietary pattern recommendations in the *2015-2020 Dietary Guidelines for Americans* \[[@B23]\].

The objective of the present narrative review is to examine current evidence linking diet to low-grade, systemic inflammation within the context of chronic disease. Specifically, we provide an update on the findings from human trials within the past 5 years (2014--present) that have characterized anti-inflammatory properties of dietary patterns, defined by various methods and indexes. Given the complexity of interpreting results from dietary pattern analysis, we further present recent evidence on the anti-inflammatory roles of isolated bioactive nutrients and functional foods that are common components of distinct dietary patterns, in addition to considerations for interpreting dietary pattern research, population-specific dietary recommendations, and future studies.

The literature search performed in Scopus and PubMed included the following keywords and its combinations: dietary patterns, food patterns, diet, dietary inflammatory index, foods, anti-inflammatory foods, anti-inflammatory nutrients/inflammation, inflammatory markers, CRP, biomarkers of inflammation, cytokines, low-grade, systemic inflammation, and adipokines. The criteria encompassed the inclusion of only peer-reviewed human studies initially from 2016 to present time. Then, a second search expanded the years from 2014 to present to provide a more comprehensive assessment of dietary patterns within the context of inflammatory biomarkers and chronic disease.

2. Evaluation of Inflammatory Dietary Patterns Utilizing Dietary Indexes {#sec2}
========================================================================

In order to evaluate diet quality in relation to inflammation, researchers have developed various methods to establish measurable dietary patterns. Reedy et al. \[[@B29]\] refer to dietary patterns as a way of conceptualizing numerous diet exposures as a multidimensional construct. For example, Western-style dietary patterns that are rich in refined carbohydrates, sodium, and trans- and saturated fatty acids (SFA) have additionally been linked with higher levels of inflammatory markers, which in turn increase CVD risk \[[@B30]--[@B32]\]. Conversely, Mediterranean-style dietary patterns that are rich in fiber, lean protein, monounsaturated (MUFA), and omega-3 polyunsaturated fatty acids (PUFA) are anti-inflammatory and cardioprotective \[[@B33]--[@B35]\].

Dietary patterns can be derived using principal component analysis, reduced rank regression, and index-based methods, such as the Healthy Eating Index (HEI) score, the Empirical Dietary Inflammatory Index (EDII) \[[@B36]\], or the Diet Inflammatory Index (DII) \[[@B37]\]. The HEI compares a given diet to the American dietary guidelines as the gold standard \[[@B38]\]. The EDII and, the more widely used, DII are *a posteriori* approaches to examine the inflammatory potential of a diet \[[@B36]\]. Each method provides a unique prospective in evaluating the effects of diet on inflammation.

2.1. Healthy Eating Index (HEI) Score {#sec2.1}
-------------------------------------

A better quality diet, as shown with adherence to dietary guidelines, is associated with lower inflammatory markers, data from the Women\'s Health Initiative study \[[@B39]\] and data from the Malmo Diet and Cancer study \[[@B40]\]. Similarly, an observational cohort in South America used the principal component analysis to compare 2 dietary patterns. The "prudent" dietary pattern, characterized by a higher intake of fruits, vegetables, seafood, whole grain cereals, and low-fat dairy products, was associated with reduced plasma CRP for men compared to the "Western" (standard U.S.) dietary pattern \[[@B32]\]. Researchers calculated the HEI for an 8-week weight loss intervention in obese people diagnosed with metabolic syndrome \[[@B41]\]. Changes in the HEI were associated with changes in gene expression of inflammatory markers \[[@B41], [@B42]\].

2.2. Empirical Dietary Inflammatory Index (EDII) {#sec2.2}
------------------------------------------------

The EDII uses reduced rank regression to derive a dietary pattern based on food groups. These food groups were positively associated with inflammatory markers, a.k.a. "proinflammatory": processed meat, red meat, other vegetable-refined grains, high-energy beverages, low-energy beverages, and tomatoes and the following were inversely associated: dark yellow vegetables, leafy green vegetables, snacks, fruit juice, pizza, beer, wine, tea, and coffee. In the study of dietary patterns, it is the combination of these food groups, not each of them individually, that reveal these associations \[[@B36]\]. This index was validated using the data from the Nurses\' Health Study I (NHS), NHS-II, and the Health Professionals Follow-Up Study, with only male subjects \[[@B36]\]. Tabung et al. \[[@B36]\] reported stronger associations between the EDII and IL-6, CRP, and the overall inflammatory marker scores in men of normal weight when compared to overweight/obese men. The authors suggested that the EDII, which they also called the Empirical Diet Inflammatory Pattern (EDIP), needs to be reproduced in multiethnic/multiracial populations \[[@B36]\]. Thus, the same research group \[[@B43]\] performed a cross-sectional study using the data from the Women\'s Health Initiative observational study and calculated EDIP scores using baseline food frequency questionnaire data from 31,472 women, aged 50-79 yrs. Authors reported that independent of energy intake, BMI, and physical activity, higher EDIP scores were significantly associated with higher (lower for adiponectin) absolute concentrations of all inflammatory biomarkers (CRP, IL-6, TNF-*α*, and TNF-*α* receptors 1 and 2) \[[@B43]\]. In a report by Soltani et al. \[[@B44]\], a cross-sectional study performed in 403 middle-agedIranians used the same method to examine the relationship between an "inflammatory dietary pattern" and the odds of an unhealthy phenotype among overweight/obese adults. Authors concluded that there were associations between the "inflammatory dietary pattern" and the unhealthy phenotype (high fasting blood sugar, and low-HDL-C), but that they were dependent on the energy intake \[[@B44]\].

2.3. Diet Inflammatory Index (DII) {#sec2.3}
----------------------------------

The Dietary Inflammatory Index (DII) uses a principal component analysis to categorize an individual\'s diet as anti- or proinflammatory, based on the capacity of diets to modulate systemic inflammatory biomarkers \[[@B37]\]. Food parameters were assigned scores based on research (1943 articles) describing the relationship between those parameters and inflammation. DII was validated with the data from the Asklepios Study \[[@B42]\], NHANES 2005-10 \[[@B45]\], and the Northern Sweden Health and Disease Study \[[@B46]\]. A proinflammatory diet (based on the DII) is associated with increased all-cause mortality according to a recent report from two European large cohort studies, the SUN and PREDIMED trials \[[@B47]\]. Recently (2018), the association of DII with depressive symptoms remained after the Framingham Risk Score (FRS) adjustment, suggesting a relationship between the inflammatory potential of the diet and depression \[[@B48]\]. Phillips et al. \[[@B49]\] reported that individuals with higher Energy-adjusted DII (E-DII) scores displayed several features of the metabolic syndrome (MetS). Similarly, the higher inflammatory potential of diet denoted higher values of serum lipids, CRP and kidney function tests, and a higher EuroSCORE as a predictor of postoperative mortality among patients who are candidates for coronary artery bypass grafting (CABG) \[[@B50]\]. Taken together, there are several contemporary reports of studies using the DII scores to improve the understanding of dietary patterns and inflammation in healthy and diseased individuals.

2.4. Mediterranean-Style Dietary Patterns {#sec2.4}
-----------------------------------------

Concerning the type of diet, there is mounting epidemiological evidence that specific dietary patterns, such as adherence to Mediterranean-style dietary patterns, are anti-inflammatory and concomitantly protective against CVD. Additionally, this diet can also benefit coronary artery disease (CAD) patients \[[@B35], [@B51], [@B52]\].

Waldeyer et al. \[[@B35]\] analyzed adherence to the Mediterranean diet using the INTERCATH cohort data. This cohort consisted of 70% of participants being male, diagnosed with CAD, and aged 61-77 yrs. A higher adherence was independently associated with less CAD severity. Supporting the anti-inflammatory role of the diet, hsCRP inversely correlated with adherence to the Mediterranean diet. Conversely, a 6-month intervention trial testing the Mediterranean diet vs. a low-fat diet did not result in decreases in CRP or IL-6 for Australians diagnosed with CAD \[[@B51]\]. Researchers calculated the DII score for each diet, and those following the Mediterranean diet improved by lowering their DII score (the lower, the more anti-inflammatory). The small sample size, (*n* = 27 per group) and the fact that some participants had a normal hsCRP at baseline, could contribute to the discrepancy in translating population-based effects into clinical changes in plasma biomarkers.

The Moli-sani study (cohort of 24,325 men and women) showed that adherence to a "Mediterranean-like Diet" was associated with lower hsCRP, blood platelets, and white blood cell counts \[[@B53]\]. On the other hand, adherence to a DASH diet, but not the Mediterranean diet, was associated with lower hsCRP in a group of 320 overweight Iranian females \[[@B52]\]. There are some similarities within these diets, specifically related to the emphasis in fruits and vegetables.

3. Isolated Bioactive Nutrients and Functional Foods {#sec3}
====================================================

As described above, the impact of dietary patterns in modulating inflammation is due to complex interactions between functional foods and nutrients with bioactive properties. Accordingly, it is important to evaluate the effects of isolated nutrients, macronutrient distributions, and whole foods that are common components of distinct dietary patterns in order to characterize the contributions of each dietary factor. This information may be important in predicting the effects of dietary patterns in cases where dietary allergies, intolerances, or food preferences may prevent individuals from consuming the full range of components that comprises a distinct dietary pattern. In this section, we present recent studies that evaluate the effect of one macronutrient, which in turn affects macronutrient distribution ([Table 1](#tab1){ref-type="table"}). We further review recent studies that analyze the effects of isolated nutrients and whole food components, such as fiber, phospholipids, SFA, omega-3 PUFA, and polyphenol-rich extracts ([Table 2](#tab2){ref-type="table"}).

3.1. Dietary Macronutrient Distribution and Inflammation {#sec3.1}
--------------------------------------------------------

Modulation of macronutrient ratios is a wide-reaching and impactful dietary variable to test. A cross-sectional study performed on 1785 people with type 2 diabetes mellitus (T2DM) explored the association of metabolic risk factors vs. fat and carbohydrate proportions of the diet. The authors reported that a fiber intake ≥ 15 g/1000 kcal was associated with lower CRP, whereas added sugar consumption higher than 10% was associated with higher CRP \[[@B54]\]. Increased fat intake was additionally associated with higher CRP; however, authors did not include a description of the type of the dietary fat (MUFA vs. PUFA vs. SFA) \[[@B54]\]. This study had limitations in that the researchers set arbitrary macronutrient cutoffs for tertile analysis, leading to drastically different sample sizes between macronutrient intake groups. The authors divided the macronutrients of interest into arbitrary categories, the cutoff points were \<25%, 25--34%, or ≥35% for total fat intake; \<45%, 45--59%, or ≥60% for CHO; \<10, 10--14, or ≥15 g/1000 kcal for fiber; and \<5%, 5--9%, or ≥10% for added sugar. In the extreme of the tertiles, e.g., group of \>60% CHO (*n* = 12) and for fat \<25% (*n* = 15) vs. the other groups that had hundreds of participants. Additional studies have observed significant reductions in inflammatory markers in T2DM and coronary heart disease populations following carbohydrate-restricted diets (which are consequently rich in fat and protein), although these findings may be confounded by concurrent weight loss \[[@B55], [@B56]\].

3.2. Effects of Bioactive Nutrients and Functional Foods on Inflammation {#sec3.2}
------------------------------------------------------------------------

Beyond macronutrient distribution, bioactive compounds provided in isolated forms, or as components of functional foods, further contribute to the pro and anti-inflammatory properties of dietary patterns. A 6-week intervention of omega-3 PUFA supplementation provided as 5 g/day of fish oil did not have an impact on inflammatory biomarker levels in overweight participants \[[@B62]\]. Meanwhile, a randomized, controlled trial (RCT) evaluating the effect of 30-day polyphenol-rich pomegranate extract supplementation in overweight and obese individuals resulted in weight loss and reductions in IL-6, CRP, and malondialdehyde (MDA) \[[@B22]\]. Thus, body fat reduction may be a confounding factor in determining the effects of the supplement. In healthy people, a crossover trial tested the postprandial effects of one Mediterranean meal that was rich in tocopherol vs. a "Western meal" high in fat on mRNA expression of genes involved in the inflammasome pathway \[[@B63]\]. Researchers reported an upregulation of inflammasome gene expression following consumption of the high-fat meal. Similarly, changes in fasting plasma biomarkers were reported in another study after 4 weeks of consuming an isocaloric Mediterranean vs. high-fat breakfast in a group of overweight individuals \[[@B64]\]. Results from these studies illustrate the importance of including postprandial testing when evaluating the effect of foods. Adding antioxidants, such as polyphenols, to a high-fat meal could attenuate the postprandial inflammatory response; however, a crossover study testing polyphenol supplementation in healthy individuals failed to show this protective effect \[[@B25]\].

4. Considerations for Population-Specific Dietary Recommendations and Future Studies {#sec4}
====================================================================================

Most results from epidemiological and cross-sectional studies showed associations between diet quality and inflammatory markers. Conversely, findings from the recent RCTs highlighted in this review show discrepancies in changes of fasting plasma cytokines in healthy \[[@B59]\], obese \[[@B41], [@B57]\], diabetic \[[@B55], [@B56]\], and CHD \[[@B56]\] individuals in response to diet. In the following section, we provide a critical analysis of factors that may contribute to the variability across studies and highlight considerations for study design when evaluating dietary patterns moving forward.

4.1. Metabolic Status {#sec4.1}
---------------------

Obese individuals and/or persons with metabolic abnormalities, including diabetes or metabolic syndrome (MetS), appear to be the main target population to study the effect of diet and inflammation. The response to a meal challenge, such as a "traditional" Brazilian SFA-rich breakfast vs. a breakfast of highly unsaturated fats and fiber, differs based on the metabolic status of people with MetS \[[@B64]\]. The authors concluded the need for using different biomarkers when examining responses to dietary interventions of individuals at different levels of CVD risk. As an example, an 8-week weight loss intervention conducted with obese MetS participants resulted in changes in plasma MDA and plasminogen activator inhibitor-1 (PAI-1), but additionally did not show decreases in CRP and IL-6 \[[@B41]\]. Conversely, weight loss in overweight individuals without a MetS classification has been shown to lower CRP \[[@B65]\]. To further illustrate the complexity of how the same food could affect individuals differently, in a comprehensive review about bioactive egg components and inflammation, we have previously reported that the majority of research suggests that egg intake promotes a neutral or proinflammatory response in healthy adults, whereas those with metabolic abnormalities have either an anti-inflammatory or a neutral effect. It is possible that this variation is attributable to differences in intestinal absorption of dietary cholesterol, or other factors such as the composition of the microbiome or genetic variation \[[@B24]\].

As mentioned above, people with metabolic disorders participated in the majority of the studies evaluating associations of diet with inflammatory biomarkers \[[@B41], [@B51], [@B54], [@B61]\]. It appears that if low-grade, systemic inflammation is present, then certain modifications in the diet could ameliorate it; however, this is not as clear with regard to prevention of inflammation. There were few studies done in healthy individuals and the responses, as expected, were different from those seen in people with metabolic disorders. The majority of studies analyzed in the present review conducted with healthy individuals show no effects of dietary patterns and individual components on inflammatory markers. One possible reason could be that the cytokines were not elevated to begin with and/or that the dietary challenges did not cause a significant inflammatory response in these populations due to differences in genetics, microbiome profiles, and overall metabolic and immune health. In healthy people with normal levels of inflammatory markers, a short diet intervention (6 weeks) did not change plasma inflammatory markers \[[@B59]\]. Similarly, there were no changes in plasma IL-6, CRP, or TNF-*α* in a group of 191 overweight individuals receiving omega-3 PUFA supplementation for 6 weeks \[[@B62]\]. Meanwhile, some studies performed in healthy people in other individual nutrients reported improvement such as blueberries \[[@B25]\], pomegranates \[[@B22]\], and tocopherol-enriched meals \[[@B63]\].

4.2. Need for Comprehensive Inflammatory Biomarker Assessment {#sec4.2}
-------------------------------------------------------------

Discrepancies in diet-induced effects on inflammation may further be attributed to differences in measured biomarkers. A review by Calder et al. \[[@B66]\] discussed the importance of measuring many biomarkers to capture changes, since there may be specific inflammatory markers associated with each chronic disease. For example, Van Bussel et al. \[[@B67]\] used a combination of biomarkers to generate a "low-grade inflammatory score" in order to examine associations between food groups and inflammation in a subset of 557 participants with increased risk of CAD within the CODAM (Cohort of Diabetes and Atherosclerosis Maastricht) observational study. Consumption of vegetables, fruit, wine (in moderation), and poultry, as well as lower intake of meat and high-fat dairy products, was associated with a lower "low-grade inflammatory score." Shivappa et al. \[[@B60]\] also used a composite score called an INFLA score (including CRP, leukocytes count, and granulocyte to lymphocyte ratio), which was positively associated with DII, in 20,823 adults from the Moli-sani study. Interestingly, there was no association between food groups and CRP alone \[[@B60]\]. These findings emphasize the need for comprehensive and condition-specific assessment of inflammatory markers in evaluating the effects of dietary patterns.

4.3. Role of Weight Loss in Assessing Anti-Inflammatory Effects of Dietary Patterns {#sec4.3}
-----------------------------------------------------------------------------------

Another confounding factor in investigating the relationship between diet and inflammation is weight loss. If the interventions \[[@B22], [@B68], [@B69]\] include weight loss as an outcome, it may be difficult to pinpoint the actual diet as the main contributor to the reduction in inflammatory cytokines. It is well established that waist circumference is associated with CRP and that body fat reduction ameliorates low-grade inflammation \[[@B1], [@B70], [@B71]\]. More specifically, changes in CRP levels in response to diet have found to be dependent on weight loss \[[@B72]\]. Indeed, studies reporting an improvement in inflammation with diet had participants losing weight, which could have been driven by the reduction in adipose tissue mass and function \[[@B22], [@B55], [@B57], [@B73]\].

4.4. Fasting vs. Postprandial Effects of Diet on Inflammation {#sec4.4}
-------------------------------------------------------------

Most of the studies in the present review \[[@B22], [@B54], [@B62]\] reported inflammatory markers only in the fasting state. As suggested by Minihane et al. \[[@B74]\], assessing biomarkers in response to a dietary challenge may provide a better picture of the actual effect of the diet. We also distinguished studies measuring cytokines in the postprandial state \[[@B63]\] and both (postprandial and fasting) \[[@B25], [@B61]\]. For example, a study measured the effect of polyphenols from blueberry powder served in yogurt in the fasting and postprandial state. All cytokines were decreased in the postprandial state compared to the fasting state \[[@B25]\]. Likewise, a study examined chronic (measured at fasting) and postprandial effects of a protein mixture compared with carbohydrate intake (placebo) on inflammatory markers. Postprandial CRP levels were higher 4 hours after ingestion of the protein mix compared to maltodextrin. Meanwhile, at fasting levels after 4 weeks on the high protein diet, there were no changes in fasting plasma CRP or in SAA \[[@B61]\]. A recent review evaluating the effect of fruit-based drinks in postprandial studies details some risks of misinterpretation inherent to measure nutrient in the postprandial state \[[@B75]\].

4.5. Dietary Compliance {#sec4.5}
-----------------------

Similarly to pharmaceutical trials, a dose/effect is relevant when assessing the anti-inflammatory potential of a diet \[[@B76]\]. Based on the evidence presented, emphasis should be given to dietary adherence, as a lack of adherence to experimental diets may confound results and contribute to variability observed between studies. Researchers evaluating diet and inflammatory markers must address this factor by providing study participants with strategies to increase dietary adherence, while further implementing an effective procedure to measure compliance \[[@B77]\]. In the case of observational studies, it is crucial to have an appropriate and validated method to collect dietary intake data and a systematic way to enter and analyze the data.

4.6. Additional Factors {#sec4.6}
-----------------------

There may be a threat to the validity of results about the effect of diet in participants taking medications that affect inflammation or who have genetic variants that impact physiological and inflammatory responses to dietary components. Even though data are adjusted for confounding factors such as lipid-lowering medications, energy intake, or waist circumference, the effect of the diet may be blurred by those factors \[[@B78], [@B79]\]. Specific nutrients such as fiber or antioxidants may further exert a positive effect through their influence on the microbiota. The key role of the microbiota is not included in the scope of the present review; however, other reviews \[[@B20], [@B80]\] contain discussions on the effects of the microbiota on inflammation. The complexity of the global relationship between diet and inflammation cannot be bypassed.

5. Conclusions and Practical Implications {#sec5}
=========================================

We observe vast evidence from observational studies on the correlation between a healthy dietary pattern and inflammatory markers. The high variability in the study designs and the population makes it difficult to generalize the results from the present review. Most data available on dietary patterns are observational. Ideally, though costly, conducting RCTs in healthy, overweight/obese, T2DM, and CVD individuals and measuring several biomarkers in the fasting and the postprandial state, including genotyping, would contribute to better understanding the effect diet has, as a whole, on inflammation.

Perhaps, having a proxy such as using a healthy eating score, such as the DII, could be an alternative to a more costly laboratory cytokine evaluation in clinical practice, if validated for these purposes. Comparing the patient diet with the DII score provides valuable information regarding the inflammatory potential of the diet and areas for improvement. Indeed, there is a group of researchers from South Carolina who translated their research into an educational platform, offering innovative products that can be used by health care providers and the public in order to better understand the inflammatory potential of the diet \[[@B81]\]. The last International Life Sciences Institute (ILSI) position paper provided a list of topics to address when building a dossier for a European Food Safety Authority health claim on control of chronic low-grade inflammation \[[@B74]\]. This suggests that Europe is considering adding an "inflammatory index" in labels. These trends in policy support key research findings that diet is a low-cost, preventative, and therapeutic target that must be stressed considering the role that low-grade, systemic inflammation has in highly prevalent chronic diseases.
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Macronutrient distribution, dietary patterns, and inflammatory markers.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Authors, country & year                            Study design/duration                                                                                 Participants                                                                      Diet evaluated                                                                                                                                                         Inflammatory markers/adipokines (measured in fasting plasma)                                                                                               Results
  -------------------------------------------------- ----------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Juanola-Falgarona, et al. \[[@B57]\] Spain, 2014   RCT, weight loss study/6 mo.\                                                                         *n* = 105, men and women, aged 30 and 60 yrs.\                                    Moderate CHO and high glycemic index vs. moderate CHO and LGI vs. a low-fat and HGI diet.\                                                                             PAI-1, CRP, IL-6, MCP-1, ICAM-1, and adiponectin                                                                                                           \(1\) No differences in any of the inflammatory markers between groups.\
                                                     GLYNDIET study                                                                                        BMI range 27-35                                                                   500 kcal/d subtracted of total energy for each participant                                                                                                                                                                                                                                                                        (2) A reduction in CRP values for the LGI group pre vs. postintervention, likely driven by the greater weight loss.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Jonasson et al. \[[@B55]\] Sweden, 2014            Clinical trial. Weight loss intervention with control group/24 mo.                                    *n* = 61 intervention group (T2D) and *n* = 41 control group (healthy)            LFD aiming 30% from fat vs. a LCD aiming 20% CHO                                                                                                                       IL-1*β*, IL-1Ra, IL-6, TNFRs, and CRP at baseline and 6 mo.                                                                                                \(1\) Both diets led to similar reductions in body weight; however, only the LCD improved insulin sensitivity.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               (2) After 6 mo., IL-1Ra and IL-6 were lower in the LCD.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Santiago Torres et al. \[[@B58]\] US, 2015         Cohort. Subset sample of the Women\'s Health Initiative study                                         *n* = 493, middle-aged women of Mexican descent                                   Adherence to a "created traditional Mexican diet"                                                                                                                      hsCRP                                                                                                                                                      \(1\) At follow-up, (15 y) hsCRP was 22% lower in women who had high compared to low or moderate MexD scores.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               (2) Women with high MexD scores were more likely to be normal weight at baseline.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Dias et al. \[[@B40]\] Sweden, 2015                Cross-sectional. Data from the Malmo Diet and Cancer study                                            *n* = 667,\                                                                       Diet quality index, adherence to the Swedish Nutrition Recommendation                                                                                                  IL1-beta, IL-8, TNF-*α*, and hsCRP. Mononuclear leukocytes. Inflammatory protein S100A8/9                                                                  Those who reported a higher quality diet had lower levels of TNF-*α*, hsCRP, nonclassical monocytes, and inflammatory protein S100A8/9, after adjusting for age, gender, smoking, PA, total energy, WC, and season of the diet reported.
                                                                                                                                                           aged 63-68 yrs.                                                                                                                                                                                                                                                                                                                                                                                                     

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Marques-Rocha et al. \[[@B41]\] Spain, 2016        RCT, weight loss intervention/8 weeks                                                                 *n* = 40, obese with MetS. Subsample of the RESMENA-S                             Hypocaloric diet based on the Mediterranean diet, 30% energy restriction, increased meal frequency, and 7 d menu plan provided. Healthy Eating Index was calculated.   MDA, CRP, IL-6, PAI-1, and TNF-*α* expression of inflammation-related genes: IL-6, IL-18, TNF-*α*, and sICAM, SERPINE 1, VCAM-1 GAPDH, and miRNAs in WBC   \(1\) No changes in plasma CRP, IL-6, and TNF-*α*, but there was a reduction in MDA and PAI-1 after 8 weeks.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               (2) Lower consumption of lipids and saturated fat was associated with increased let-7b after nutritional intervention.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Song et al. \[[@B59]\] US, 2016                    Parallel design/6 weeks. RCT feeding study                                                            *n* = 92, healthy, aged 21-76 yrs., BMI 19.2-35.5                                 Eucaloric moderate fat diet (36% fat/46% CHO vs. eucaloric low-fat/high CHO (18% fat/64% CHO vs. low calories 33% reduction of the LFD)                                IL-6, TNFRs, CRP, leptin, and adiponectin at baseline and 6 weeks                                                                                          \(1\) No changes in plasma inflammatory markers after 6 weeks of MFD, LFD, and low-calorie LFD. A modest weight reduction was observed in the restricted calorie diet and adiponectin reduction was reported for the eucaloric LFD vs. MFD.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Mayr et al. \[[@B51]\] Australia, 2018             Multicenter, parallel design, randomized, 6-month intervention and 12-month follow-up. AUSMED Study   *n* = 29 for MedDiet and *n* = 27 for low-fat diet. Patients with CAD             MedDiet vs. low-fat diet. MedDiet = 42% fat (at least 50% was from MUFA and 25% from PUFA, \<10% saturated fatty acids), 35% CHO\                                      hsCRP and IL-6                                                                                                                                             \(1\) There were no changes in plasma hsCRP or IL-6 after 6 months for either diet.\
                                                                                                                                                                                                                                             Low-fat diet = \<30% total fat, \<7% saturated fat, 45--65% CHO                                                                                                                                                                                                                                                                   (2) Following the MedDiet, but not the low-fat diet, leads to significant reduction in the DII score.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Sakhaei et al. \[[@B52]\] Iran, 2018               Cross-sectional                                                                                       *n* = 320, Yazdi female teachers, aged 25-50 yrs. Sample stratified in tertiles   Adherence to DASH diet and the Mediterranean diet based on published scoring method                                                                                    hsCRP and IL-17A                                                                                                                                           Adherence to the DASH diet was significantly associated with reduced serum hsCRP only. Adherence to the Mediterranean diet might be associated with lower circulating IL-17A concentrations, but not hsCRP levels in this group of females.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Shivappa et al. \[[@B60]\] Italy, 2018             Cross-sectional. Data from Moli-sani study                                                            *n* = 20.823, adults, aged over 35 yrs., 48% male without acute inflammation      DII calculated using data on only 34 nutrients and other food components derived from the FFQ.                                                                         INFLA-score includes platelet and leukocyte counts, the granulocyte to lymphocyte ratio, and CRP.                                                          There was a positive association between DII and INFLA-score, among those aged 50 to 65 yrs., but not for those older than 65 yrs.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               No association between DII and CRP alone.
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations. AUSMED: Australian Mediterranean diet heart trial; DII: dietary inflammatory index; FFQ: food frequency questionnaire; HGI: high glycemic index; LCD: low carbohydrate diet; LFD: low-fat diet; LGI: low glycemic index; MedDiet: Mediterranean diet; MexD: Mexican diet; MFD: moderate-fat diet; RESMENA-S: the metabolic syndrome reduction in Navarra study; WC: waist circumference.

###### 

Single nutrients and inflammatory markers.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Authors/origin/year                                 Study design/duration                                            Participants                                      Nutrient                                                                                                                                  Inflammatory markers measured                                                                                    Results
  --------------------------------------------------- ---------------------------------------------------------------- ------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Teunissen-Beekman et al. \[[@B61]\] England, 2015   \(1\) Postprandial study/12 H\                                   \(1\) Postprandial study *n* = 52\                \(1\) Postprandial responses after maltodextrin (shake) vs. sucrose vs. a specific protein mixture (pea, milk, and egg white protein).\   SAA, CRP, and sICAM. Fasting and postprandial (at 4 H)                                                           \(1\) Postprandial CRP levels were higher 4 H after ingestion of the protein mix compared to maltodextrin, but there were no differences in sICAM and SAA. Postprandial sICAM levels were lower after pea protein vs. egg protein.\
                                                      (2) Crossover, randomized parallel group design/4 weeks each.\   (2) Crossover study *n* = 48,\                    (2) Four weeks of exchanging 3 x 20g/d of CHO isoenergetically with a protein mix.                                                                                                                                                                         (2) Significantly lower sICAM fasting levels after 4 weeks on the high-protein diet. No changes in CRP or in SAA.
                                                      Data from the PROPRES study                                      overweight/obese with untreated blood pressure.                                                                                                                                                                                                                                                              

                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Ono-Moore et al. \[[@B25]\] US, 2016                Placebo-controlled crossover. Postprandial                       *n* = 23, normal weight, aged 27-33 yrs.          650 calories moderate high-fat breakfast (40% fat) with placebo powder or with 2 or 4 servings of the blueberry powder served in yogurt   IL-1*β*, IL-6, IL 8, and TNF-*α*. Fasting and postprandial (at 3.5 H)                                            There were no substantial effect of the blueberry powder on the postprandial plasma cytokines or on marker expression.\
                                                                                                                                                                                                                                                                                                                                                                                                                                    All cytokines were decreased in the postprandial state compared to the fasting state; this correlates with decreased FFAs in the postprandial state.

                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Vitale et al. \[[@B54]\] Italy, 2016                Cross-sectional. Subset data from the TOSCA.IT study.            *n* = 1785, with T2D, aged 50-75 yrs.             Fiber, added sugar, and different proportions of fat and CHO.                                                                             hsCRP                                                                                                            Fat intake increase from 25 to 35% or more is associated with an increasing hsCRP; contrary increasing CHO 45% to 60% or more was associated with lower hsCRP. The average GI of participants\' diet was low. Hs-CRP increases progressively when added sugar intake increases. Fiber intake \> 15 g/1000 kcal is associated with lower hsCRP.

                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Cormier et al. \[[@B62]\] Canada, 2016              Omega-3 PUFA supplement. No control group/6 weeks.\              *n* = 191, aged 21-39 yrs., BMI range 24-31.5.    5 g/d of fish oil supplement: 1.9-2.1 g of EPA and 1.1 of DHA                                                                             CRP, IL-1, TNF-*α*, and IL-6 gene expression in peripheral mononuclear cells                                     There were no reductions in plasma IL-6, CRP, or TNF-*α* postintervention. Plasma n-3 levels were negatively correlated with plasma cytokines and CRP.\
                                                      Fatty Acid Sensor Study.                                                                                                                                                                                                                                                                                                                                                      There were several gene-diet interactions with SNPs within inflammation-related genes and omega-3, but this varied according to individual genotypes.

                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Hosseini et al. \[[@B22]\] Iran, 2016               RCT, double-blind/30 days intervention                           *n* = 48, healthy adults,\                        500 mg pomegranate extract (PE) or placebo (PL).                                                                                          MDA, IL-6, and hsCRP                                                                                             The PE group lost significantly more weight than the PL. The mean serum concentration of MDA, IL-6, and hsCRP decreased significantly in the PE group. Change in body weight was correlated with these parameters.
                                                                                                                       aged 30-60 yrs.                                                                                                                                                                                                                                                                                              

                                                                                                                                                                                                                                                                                                                                                                                                                                    

  De Lorenzo et al. \[[@B63]\] Italy, 2017            Crossover RCT postprandial                                       *n* = 22, healthy                                 Tocopherol-enriched Mediterranean meal (TEM), 41% CHO/16% protein/42% fat vs. Western high-fat meal (HFM), 27% CHO/18% protein/55% fat.   Genes of the inflammasome pathway and genes of the oxidative stress pathway. Fasting and postprandial (at 3 H)   A single HFM resulted in upregulation of the human inflammasome pathway genes by 15.4% and of the human oxidative pathway by 15% when compared with a TEM. Additionally, a downregulation of CCL5 was observed after the TEM vs. the HFM.
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations. MDA: malondialdehyde; PROPRES: Protein and blood pressure study; RCT: randomized, controlled trial; SAA: serum amyloid A; TOSCA.IT: thiazolidinediones or sulfonylureas and cardiovascular accident intervention trial.
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